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Sunday, February 3, 2013 161adeveloped a dual-chain biosensor based on intermolecular FRET that enables
the spatio-temporal dynamics of Rap1 activity to be measured in individual
living cells. The FRET generated by this dual-chain sensor is a measure of
the binding interaction between cerulean-tagged Rap1 and an affinity reagent
fused to yPet. To facilitate expression of the sensor and to reduce cell-to-cell
heterogeneity in the stoichiometry of components we have engineered a tandem
viral-2A (tv-2A) mediated expression vector that achieves over 99% separation
of proteins when both chains of the biosensor are transfected as a single gene. In
living cells this novel Rap1 biosensor showed a > 10-fold increase in FRET
upon activation, and is sufficiently bright to image Rap1 activity at concentra-
tions that do not interfere with normal cell motility. The intermolecular design
of this biosensor enables native regulation of Rap1 localization by CAAX-box
modification and is well suited to fluorescence lifetime imaging microscopy
(FLIM), a technique that greatly enhances quantitative accuracy and multiplex-
ing potential.
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Activation of a kinase in a specific protein complex or subcellular location de-
termines what signaling pathway will be initiated. Current methods typically
cannot activate a specific kinase and simultaneously cause it to interact with
one specific downstream target. Here we provide such a tool, and use it to de-
termine the role of individual Src-mediated signaling pathways in stimulation
of different cell morphological changes. Focal adhesion kinase (FAK) and
p130Cas can bind and activate Src kinase, propagating signals through parallel
pathways. Localization of Src in the cytoplasm or at the plasma membrane
also determines the function of Src. We therefore focused on activation of
Src acting through FAK, p130Cas, or at the cytoplasm versus the plasma mem-
brane. An engineered, ‘‘insertable’’ FKBP12 protein (iFKBP) was introduced
into the catalytic domain of Src, while FKBP12-rapamycin binding domain
(FRB) was attached to the specific downstream effector. This rendered the
kinase inactive until rapamycin induced heterodimerization with FRB. Using
this technology we restricted Src activation to the complex it formed with
FRB-bearing downstream targets. Activation of Src, without targeting specific
downstream molecules, led to cell spreading, reorganization of focal adhe-
sions, and the production of filopodia and lamellipodial protrusions. Using
the new approach (RapR-TAP), we showed that activation of Src specifically
in complex with FAK led to focal adhesion rearrangement and only slow cell
spreading, while activation in complex with p130Cas led to rapid spreading
and filopodia formation, but no apparent effects on focal adhesions. Compar-
ing Src activation in the cytosol versus at the plasma membrane showed that
membrane localization is necessary to stabilize protrusions, whereas cytoplas-
mic Src drives rearrangement of focal adhesions. This demonstrates a broadly
generalizable strategy to activate specific kinase-mediated signaling pathways
in living cells.
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The Src family kinases (SFK) include nine highly homologous members. To
identify unique functions for individual SFKs, we have inserted an engineered
FKBP domain into a conserved region of the kinases’ catalytic domain, gener-
ating rapamycin-regulated (RapR) analogs1 of Src, Lyn, Yes and Fyn, enabling
each isoform to be activated specifically and independently in living cells. The
cellular morphodynamics and corresponding subcellular translocation induced
by activation of each isoform were characterized using new computational
methods, revealing distinct roles for each isoform. While both Src and Fyn ac-
tivation initially induced spreading, only for Src this was followed by polarized
movement. Activation of Src led to kinase redistribution from the perinulcear
region to the cell periphery, while Fyn remained uniformly distributed through-
out the observation period. Changes in the lipidation or swapping the effector
binding domains of each isoform interconverted the cell behaviors and corre-
sponding translocation dynamics. Differences in focal adhesion dynamics
driven by Src versus Fyn activation provide a mechanistic model for the distinct
morphological changes induced by each kinase.824-Pos Board B593
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The development of advanced fluorescence-based imaging techniques in the
life sciences depends in significantly on the further development of specific
fluorescence markers. Gold nanoclusters (AuNCs) are a novel type of nanoma-
terials which have attracted great interest in recent years. Composed of only
a few atoms, AuNCs exhibit bright tunable fluorescence ranging from the vis-
ible to the infrared. Owing to their ultrasmall size, good photophysical proper-
ties and low cytotoxicity, fluorescent AuNCs have been recognized as
promising probes for live cell labeling and intracellular sensing [1,2]. Still, little
is known about the interactions of AuNCs with biological systems. Here we
have studied the uptake behavior of water-soluble fluorescent AuNCs by live
HeLa cells using confocal fluorescence microscopy. Unlike larger particles,
ultrasmall AuNCs accumulate at the plasma membrane before they are internal-
ized and become enwrapped in endosomes and, subsequently, lysosomes. We
have also explored the endocytic mechanisms by which AuNCs are internalized
by using specific inhibitors.
[1]Shang, L.; Dong, S.; Nienhaus, G. U., Nano Today 2011, 6 (4), 401-418.
[2]Shang, L.; Nienhaus, G. U., Biophys. Rev. 2012, DOI: 10.1007/s12551-012-
0076-9.
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During mitosis, microtubule spindle organized by the two spindle poles (SP)
need to properly capture and align chromosomes at the cell equator to ensure
faithful chromosome segregation. Improper chromosome-spindle attachment
will activate spindle assembly checkpoint proteins (SAC) emanated from
this chromosome. Active SAC prevents cyclin B degradation in the cytoplasm
and, consequently halts the progression of mitosis. Only after the last chromo-
some gets properly attached can chromosome segregation begin. Given the
tens of chromosomes and everlasting fluctuations in the cell, it remains murky
how the silencing of SAC faithfully couples with the last chromosome attach-
ment. We established a theoretical model that describes the mitotic spindle
structure (chromosomes, mitotic spindles, and spindle poles) as a coherent
transport system. Depending on whether the chromosome is properly attached,
SAC and cyclin B circulate within the transport system via dyneins, and ex-
change with the cytoplasm in accordance to their well-known biochemical
regulations. The basis of such coherent transport is the compartmentalization
underlied by direct and/or indirect protein binding affinities with these
mitotic structures. Our model results show that such transport system recapit-
ulates the observed spatial-temporal pattern of SAC and cyclin B. More impor-
tantly, the transport system establishes a robust and sensitive mechanism for
silencing SAC activity in accordance with the status of chromosome-spindle
attachments.
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The chemotactic response of Escherichia coli to glucose is mediated by
two distinct intracellular mechanisms, namely, a receptor mediated
response through Trg, and a PhosphoTransferase System (PTS) sugar uptake
mechanism. The study by Neumann et al. (www.pnas.org/cgi/doi/10.1073/
pnas.1205307109) has recently demonstrated that the signals from the PTS
and the Trg sensing mechanism is integrated to yield an additive intracellular
response in E. coli wherein the relative kinase activity is weaker for the PTS
compared to the Trg mediated response. While this additive property, through
the two mechanisms, has been shown at the signalling level, its consequence on
the chemotactic migration of a population of cells remains to be demonstrated.
We performed experiments with a wild type E. coli K12 strain and a mutant
lacking Trg to determine the drift velocity at various locations along a mi-
cro-capillary for varying gradients of glucose and, a non-metabolizable ana-
logue of glucose, 2-Deoxy-D-glucose. The experiments demonstrated that
the individual and integrated contributions of the two mechanisms at the intra-
cellular level in response to glucose is closely reflected at the phenotypic level.
We also measured the run speed, clockwise bias, cell diffusivity, and relate
these measurements to the two mechanisms. We compare the chemotactic
162a Sunday, February 3, 2013response obtained for glucose with that obtained for L-serine and Methyl-
aspartate.
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In metabolic networks, microorganisms are able to survive genetic and environ-
mental perturbations by redirecting the flux from one pathway to another.
Hence, it is important to understand how design principles of metabolic net-
works confer this resilience to the organism. We used Flux Balance Analysis
(FBA) and Minimization of Metabolic Adjustment (MOMA) in order to map
the lethal gene deletions of two genome scale models of microbial metabolism -
E. coli iAF1260 under aerobic growth and Synechocystis PCC6803 under het-
erotrophic and autotrophic growth - onto each other. Remarkably more than
50% of cyanobacterial lethal knockouts were non-lethal in bacteria. Compari-
sons of the pathways involved identifying some key subsystems of the bacterial
metabolism and the electron flow machinery of cyanobacteria as being primar-
ily responsible for conferring this resilience. We also used FBA to study epis-
tasis in the cyanobacterial network, i.e. aggravating or buffering co-operativity
in double gene deletions as compared to corresponding pair of single deletions.
In accordance with previous results, heterotrophic and aerobic bacterial
metabolism had both aggravating and buffering interactions between genes.
Surprisingly however the autotrophic environment displayed a dominance of
aggravating interactions with monochromatic interactions between subsystems.
We also found that epistasis in an autotrophic organism was highly sensitive to
light conditions, and under high light all interactions were aggravating. Our re-
sults suggest that the cyanobacterial metabolism is less resilient against genetic
perturbations as compared to E. Coli, possibly due to greater specialization
under autotrophic conditions.
Neuronal Systems & Modeling
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Microtubes herald a new approach to how semiconductors can be applied as
actuators and sensors. This is mainly due to their three-dimensional nature,
which enables to wrap the microtubes around an axon. This yields an increase
in coupling, e.g. of action potentials, by orders of magnitude. While actuation
can be established in a straightforward fashion, signal readout for sensing pur-
poses is more intricate. In the current work, we present our approach of realiz-
ing microtubes as GaAs ring resonators for remote optical sensing. In practise
the microtubes are first fabricated, while axons are grown at a later stage
employing the tubes as growth guides. The microtubes are fabricated based
on self-organized rolling-up of strained semiconductor layers. The diameter
of the tubes is dialed in to be on the order of the diameter of an axon (2mm),
while the length varies between 50 and 100 mm. To overcome the problem
of toxicity of GaAs, the tubes are parylene-coated. Finally, transparent sub-
strates are employed to measure optical modes in the bottle resonators without
radiative losses [1].
We demonstrate our first results of optical sensing of axons in semiconductor
microtubes on a transparent substrate.
[1] Strelow et al. Phys Rev. Lett. 2008, 101, 127403
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Guidance molecules, such as Sema3A or Netrin-1, can induce growth cone re-
pulsion or attraction in the presence of a flat surface, but very little is known of
the action of guidance molecules in the presence of obstacles. In order to ad-
dress this issue, we analysed the action of Netrin-1 molecules in the presence
of patterned polydimethylsiloxane (PDMS) surfaces with lines with a height
varying from 100 to 600 nm. Filopodia can crawl over these lines easily, but
not neurites. Indeed axons and thick dendrites are able to cross lines with
a height of 100 nm, but progressively less when the line height is increased.
When neurons are grown for 3 days over patterned surfaces it was possibleto label selectively axons with axonal neurofilament marker SMI 312 and den-
drites with microtubule associated protein 2 (MAP2): axons and dendrites do
not differ in their ability to cross lines with a height varying from 100 to
600 nm. When axons and dendrites grow along lines, a clear staining for the
adhesion marker paxillin was observed, but not when neurites cross the lines.
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Astrocytes cultured on electrospun polyamide nanofibers whose nanophysical
properties may reproduce key aspects of native extracellular matrices have
demonstrated promising results in both in-vitro and in-vivo situations.
In vitro, astrocytes cultured on nanofibrillar scaffolds assumed morphologies
that appeared to recapitulate those observed in native tissues and also demon-
strated increased neurite outgrowth by co-cultured neurons. In vivo, the same
scaffolds introduced into spinal cord wound sites promoted accelerated hin-
dlimb recovery measured by standardized observational scoring with aligned
and fasciculated axon development and revascularization throughout wound
sites. The in-vitro and in-vivo results suggest that nanofibrillar scaffolds could
induce preferential astrocyte differentiation leading to minimized glial scar for-
mation, which has positive implications for improved treatment options for
central nervous system injury repairs.
The present investigation [1] examined the hypothesis that external physical
cues of the nanofibrillar scaffolds can trigger specific signaling cascades with
morphological consequences. The nanophysical cues of macro- and nano- scale
surface roughness and surface polarity were investigated in this study. The mor-
phological response of cerebral cortical astrocytes to nanophysical properties of
the nanofibrillar scaffolds was investigated at high-resolution using AFM. The
three-dimensional capability of AFM was also used to characterize cell spread-
ing. An initial study of the corresponding activation of GTPase upstream reg-
ulators was performed using immunocytochemistry, focusing on investigation
of the main GTPase regulators for the observed morphological responses: filo-
podia, lamellipodia, stress fiber formation, and stellation. The results support
the hypothesis that the nanophysical extracellular environment can trigger pref-
erential activation of members of the Rho GTPase family with demonstrable
morphological consequences for cerebral cortical astrocytes.
[1] Tiryaki VM, Ayres VM, Khan AA, Ahmed I, Shreiber DI, and Meiners S
‘‘Nanofibrillar scaffolds induce preferential activation of Rho GTPases in cere-
bral cortical astrocytes’’, Int. J. Nanomedicine, 07:3891-3905 (2012).
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The adipostat leptin binds the long-isoform of the leptin receptor (LepRb) sig-
naling nutritional status in mammals. The hypothalamic arcuate nucleus (ARH)
is a major brain region involved in the regulation of food intake; LepRb are
highly expressed in the ARH in both orexigenic NPY/AgRP neurons and an-
orexigenic POMC neurons. Leptin exerts opposing effects on the activity of
these two neuronal populations, inducing net activation of the ARH appetite-
suppressing circuit. In diet-induced obesity (DIO), the leptin-sensitivity of
these neurons is diminished, producing persistent activation of the orexigenic
circuits in the ARH. However, the underlying changes in the ion channels
that mediate excitability remain to be fully elucidated. In this study, we
show that DIO generates a persistent activation of NPY neurons, even in
well-fed animals. NPY neurons were found to have a delayed rectifier Kþ cur-
rent whose activation is significantly shifted to more hyperpolarized potentials
by leptin. However, in acute brain slices from DIO mice, the leptin-sensitivity
of this current is significantly reduced. The biophysical properties of this cur-
rent combined with immunohistochemistry suggest that Kv2.1 underlies the
leptin-sensitive IK. In HEK cells coexpressing Kv2.1 and LepRb, leptin in-
duces a significant, large hyperpolarizing shift in the voltage-dependence of ac-
tivation of the Kv2.1-mediated Kþ current that is qualitatively similar to that
observed in NPY neurons. This effect was specific to Kv2.1, as leptin had no
effect on the function of the closely related channel Kv2.2. We propose that dy-
namic modulation of somatic Kv2.1 channels by peripheral signals of satiety
and hunger regulates the intrinsic excitability of AgRP/NPY neurons to
modulate both the spontaneous activity of these neurons and the integration
of synaptic input onto the neurons that comprise the energy balance circuits
in the ARH.
